METHODS
The jet assembly ( fig. 1 ) has two small brass tubes, the nozzle (A) and the collecting tube (B) brazed coaxially to opposite points of a ring in such a way that a jet of gas from the nozzle will hit the inlet opening of the collecting tube. The latter can be connected to an endotracheal tube or a mask. Thus gas from the jet can be inspired or insufflated, while expired gas is vented to the surrounding atmosphere. For further details the original article should be consulted (Benveniste and Pedersen, 1968) .
The extent of mixing of air and inspired gas was studied by measuring the nitrogen concentration produced in the tracheal tube when nitrogen-free gas was used in the jet. For the gas analysis we used a Pye Model 34 gas chromatograph with a Molecular Sieve 5A column at 50 °C and a gas-sampling valve. The nitrogen peak height was found to be proportional to the concentration in three test mixtures of nitrogen The model was a 4-mm tracheal tube connected to the collecting tube of the jet device. Pure oxygen from a rotameter with a needle valve was passed through the jet while gas for analysis was drawn slowly from the lumen of the tube via a needle.
In the first set of measurements on the model the distal end of the tracheal tube was connected through another rotameter to an adjustable vacuum in order to simulate inspiration during spontaneous ventilation.
Jet flows ranged from 1 to 10 litre/min creating jet flow/tube flow ratios of 0.2-1.5.
In the second set of experiments the distal end of the tracheal tube was left open and the jet flow varied from 1 to 48 litre/min of oxygen, in order to estimate the possible air admixture resulting from the venturi effect.
The two rotameters used were calibrated by means of a bell spirometer.
The coefficient of variation by sampling and analysis was 5%.
In the clinical study 29 children weighing 4-21 kg, scheduled for minor operations, were anaesthetized with 0.7-2.0% halothane or enflurane in 50% nitrous oxide in oxygen. The mixture was administered via the jet assembly at a flow of 6 litre/min. Orotracheal intubation was performed without a muscle relaxant. The subjects breathed spontaneously throughout the duration of anaesthesia. After 20-40 min of anaesthesia a 5-ml gas sample was taken during the operation by means of a syringe with a needle which perforated the endotracheal tube 2 cm below the connection. The syringe was flushed and the gas was then aspirated slowly (during inspiration) and analysed for nitrogen within 10 min. In five children, two samples were taken sucessively within 2 min. In this way, the standard BRITISH JOURNAL OF ANAESTHESIA deviation of a measurement was estimated at 1.3% of nitrogen, independent of the measured value.
The variation of air admixture during anaesthesia was studied similarly in five children, when an additional sample was taken 10 min or more after the first. In the remaining children only one measurement was made. Figure 2 shows the relation between air fraction and jet flow/collecting tube flow ratio in the first part of the model experiment. At flow ratios lower than 1, the points of observation almost satisfied the equation:
RESULTS
air fraction = 1 -jet flow/collecting tube flow
Since the air fraction must be the ratio between the flow of admixed air and the total collecting tube flow, the observed relationship states that the flow of admixed air is the difference between the collecting tube flow and the jet flow. Thus the jet flow is inspired totally when it does not exceed the inspiratory flow. At jet flows exceeding the collecting tube flow the extent of air admixture was minimal. When the two flows were equal, or nearly so, the air fraction was found to be slightly higher than would be expected from these simple rules.
In the second part of the model experiment, where suction through the collecting tube was not applied, no air admixture occurred at jet flows of less than 15 litre/min, and the air fraction at higher flows did not exceed 0.02. Thus, there was practically no venturi effect even at flows of 48 litre/min. The air fractions found in tracheal gas during anaesthesia have been plotted against body weight ( fig. 3) . The air fraction increased with body weight (r = 0.77; P<0.001). The relationship can be described:
air fraction = 0.0128(body weight (kg))-0.024 That is, approximately 1% of air is admixed per kg.
The air fraction can vary considerably during anaesthesia and operation. In the five children where sampling was repeated at intervals, the variation was from 10 to 40% of the average value.
DISCUSSION
As shown in the first part of the model experiment, air admixture occurs when the inspiratory flow exceeds the jet flow, and the difference between these two flows determines the extent of air admixture. The air fraction in mixed inspired gas during spontaneous ventilation will therefore be a ratio, the denominator of which is the area below the inspiratory flow curve, while the numerator is the area between this curve and the line representing the jet flow (fig-4) . The air admixture occurring during anaesthesia with spontaneous ventilation should pose no serious problem in an infant of less than 15 kg weight as the fraction is normally less than \. The dilution can be compensated by increasing the concentration of anaesthetic, or reduced by controlling ventilation manually. According to our second model experiment, which showed that the venturi effect was very small, the latter method will nearly prevent air admixture. The use of jet flows greater than 6 litre/min with spontaneous ventilation would also reduce the admixture but at the same time produce a positive expiratory pressure.
In larger children controlled ventilation is preferable. However, the jet assembly is not suitable for use in children older than 3 yr.
For the smallest infants a jet flow of less than 6 litre/min may be used with spontaneous ventilation. For artificial ventilation about 6 litre/min should flow into the anaesthetic reservoir bag as an intermittent flow of 17-24 litre/min must be produced in order to attain an inflating pressure of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 
SUMARIO
Se ha investigado la mezcla de aire aspirado mediante el uso de un sistema de insuflacion pediatrica basado en una boquilla. Durante la anestesia con ventilation espontanea se encontr6 un promedio de 1% de aire por kilogramo de peso del cuerpo en las muestras de gas traqueal. El efecto Venturi estaba practicamente ausente incluso en flujos de alta eyecci6n, lo que sugiere que la ventilation artifical evita la mexcla de aire.
